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藻、东海原甲藻和链状亚历山大藻转录组中鉴定到 34,942，236,500 和 118,548
个基因，其中 20.8%，11.6%和 17.5%的基因表达存在显著差异，这些差异表达


























（3）尽管三种典型藻华种对无机磷 Na2HPO4和有机磷 G-6-P 恢复的生理学
响应没有显著性差异，但三种藻类在转录水平上的响应却存在较大差异。无论是
无机磷添加组还是有机磷添加组，中肋骨条藻细胞内代谢过程的变化都主要集中
在加磷恢复 4 h 时，而东海原甲藻代谢过程的变化主要发生在有机磷添加 4 h 时，































Phosphorus (P) is an essential nutrient element for phytoplankton. In marine 
ecosystem, the concentration, distribution and bioavailability of P play important roles 
in the regulation of marine primary production and the biogeochemical cycling of 
carbon, nitrogen and other elements. It is known that P is a limiting nutrient in many 
areas of the world ocean. Much effort has been devoted to the adaptive mechanism 
and the competition strategies of phytoplankton in low P environment. However, 
these studies were mainly focused on the physiological aspects, and the molecular 
mechanism is still poorly understood. 
This study selected three typical bloom species in the coast of China Sea, 
Skeletonema costatum, Prorocentrum donghaiense and Alexandrium catenella as the 
research targets, compared the transcriptomes of three species under P replete, P 
deplete, DIP-resupplied and DOP-resupplied conditions using RNA-Seq combining 
bioinformatics analysis, identified differentially expressed genes (DEGs) and 
analyzed the biological processes of these DEGs, and discussed the adaptive response 
mechanisms of three species to changing ambient P, in combination with their 
physiological paremeters. The main results of this study were as follows: 
(1) Using RNA-Seq, a total of 34,942, 236,500and 118,548 unigenes were 
obtained from transcriptomes of S. costatum, P. donghaiense and A. catenella, 
respectively, among them, 20.8%, 11.6% and 17.5% unigenes presented dfferent 
expressions. These DEGs were maily related to RNA transport, mRNA surveillance 
pathway, endocytosis, glycerophospholipid metabolism, ether lipid metabolism, 
nucleotide metabolism and other biological processes that require P and/or be closely 
related to cell growth. In addition, many DEGs were related to P metabolism and 
circadian rhythm. DEGs related to circadian rhythm were identified for the first time 
in diatoms and dinoflagellates P. donghaiense and A. catenella. 















polyphosphate accumulation were identified in three bloom species, indicating that 
these species have the ability to store P in the cells. In response to ambient P depletion, 
S. costatum cells enhanced P transport and cellular P allocation, and switched to 
utilize organic P and non-P containing sulfolipids and betaine lipids; A. catenella cells 
enhanced P transport and switched to utilize organic P; P. donghaiense cells mainly 
relyed on the utilization of DOP and shutdown P transport. After P-resupplement for 4 
h, genes ecoding P transport and utilization of DOP in S. costatum altered 
significantly, however, no significant alterations were observed in P. donghaiense and 
A. catenella even after P-resupplement for 28 h, indicating that responses of diatom S. 
costatum to ambient P changing was more rapid than dinoflagellates P. donghaiense 
and A. catenella.  
    (3) Physiological responses of three species to DIP- or DOP-resupplemnt 
presented no significant difference, however, their transcriptomic responses differed 
significantly. Changes of the metabolic processes were mainly occurred in 4 h after 
DIP- or DOP-resupplement in diatom S. costatum, 4 h after DOP-supplement in 
dinoflagellate P. ponghaiense and 4 h after DIP-resupplement in dinoflagellate 
A.catenella. These metabolic processes were mainly involved in translation, lipid 
metabolism, energy metabolism, and carbohydrate metabolism. 
(4) Genes associated with circadian rhythm were identified for the first time in 
the diatoms and dinoflagllates P. donghaiense and A. catenella, and were affected by 
ambient P changing，which subsequently triggered various metabolic pathways to 
adapt to ambient P stress. Genes involved in nucleotide metabolism, glycolysis and 
eell cycle were up-regulated in P-deplete cells of three species. Genes participating in 
photosynthesis were up-regulated in S. costatum and P. donghaiense, but no 
significant changes were observed in A. catenella. In addition, these metabolic 
processes were circadian-regulated, indicating that these algal species have evolved 
the ability to re-program its circadian clock and intracellular biological processes in 
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